Potassium bromate (KBrO 3 ) and thioglycolate are two components of hair curling solution. The neurotoxic effects of KBrO 3 and thioglycolate on the vestibuloocular reflex (VOR) system have not been elucidated. In this paper, we report the adverse effects of KBrO 3 and thioglycolate on the VOR system of Hartley-strain guinea pigs. The function of the VOR system was evaluated by caloric test coupled with the electronystagmographic recordings after subcutaneous injection of 20 or 50 mg/kg KBrO 3 or 15 mg/kg thioglycolate, either alone or in combination once daily for 14 consecutive days. The results showed that KBrO 3 produced abnormal caloric responses in a concentration-dependent manner and thioglycolate enhanced this abnormality. Our clinical patients, 10 female hairdressers exposed to the hair curling solution for 10 -30 years revealed a similar dysfunction in the caloric test. The possible mechanism of this adverse effect was studied: the cerebellar-regulated functions such as motor equilibrium performance and spontaneous locomotor activity of guinea pigs were reduced, the enzymatic Na ؉ /K ؉ -ATPase and Ca 2؉ -ATPase activities of cerebellar tissues were significantly decreased, and the loss of Purkinje cells as well as the derangement of the granular cell layer of the cerebellar cortex was revealed after treatment with KBrO 3 plus thioglycolate. These findings imply that KBrO 3 plus thioglycolate is toxic to the VOR system, mediated by, at least in part, the dysfunction of a higher cerebellar regulatory mechanism. We suggest that the caloric test is a noninvasive method for monitoring the consequences of hazardous exposure of hair curling solution in humans. Our clinical findings together with the animal study imply that clinicians should be alert to the risk of bromate exposure in hairdressers, especially those with vertigo, tinnitus, or hearing loss.
Potassium bromate (KBrO 3 ) is an oxidizing agent that has been used as a food additive, such as in the bread-making process (Corrales et al., 1993) . However, it is claimed to be a carcinogen, inducing chromosome aberrations and 8-hydroxydeoxyguanosine generation, and is capable of initiating and promoting rat renal tumorigenesis (Cho et al., 1993; Sai et al., 1991 Sai et al., , 1994 . In addition, KBrO 3 is also used worldwide as a neutralizer in home permanent cold wave hair kits (Matsumoto et al., 1980; Kutom et al., 1990) . Home permanent wave sets consist of the first solution, thioglycolate hair wave lotion, which changes SOS bonds of hair keratins to SOH bonds and makes hair flexible, and the second solution, 2% KBrO 3 , which oxidizes the SOH bonds to the original SOS bonds, thus stabilizing the curling of the hair. The clinical intoxications of bromate include a severe and irreversible sensorineural hearing loss as well as renal failure (Deshimaru et al., 1976; Hamada et al., 1990; Hytonen et al., 1997) . The adverse effects of KBrO 3 on auditory function of animals and humans have been confirmed (Matsumoto et al., 1980; Muratsuka et al., 1989) . However, KBrO 3 and thioglycolate effects on the vestibuloocular (VOR) system have not been elucidated.
In our clinical investigation (Young et al., 1998) , we found that some hairdressers complained of dizziness, vertigo, and hearing loss. They were exposed to the permanent hair styling solution containing thioglycolate and KBrO 3 for more than 10 years. Thus, we examined the effects of these chemicals on the VOR system by a caloric test coupled with electronystagmographic (ENG) recordings in guinea pigs and humans.
The major neural circuit responsible for the caloric response includes the vestibular and oculomotor components, which are regulated through the cerebellar circuitry. Recent investigations of eye movements have revealed striking modification of VOR gain (maximum slow-phase velocity/maximum head velocity) by vision (Isao, 1995) . The nystagmus is often explained as an affliction of the vestibular nuclei and/or their fiber connections to the cerebellum (Vibert et al., 1993) . Recent studies showed that bilateral caloric hyperfunction occurs either with central vestibular lesions due to cerebellar disinhibition or with psychosomatic disorders (Young and Nomura, 1995) . Thus, we also investigated neurobehavioral effects (mo-tor equilibrium performance and spontaneous locomotor activity) to see whether cerebellar function in guinea pigs was affected by treatment with KBrO 3 and thioglycolate.
The neuronal membrane Na ϩ /K ϩ -ATPase and Ca 2ϩ -ATPase activities are essential for maintaining the membrane polarization and intracellular Ca 2ϩ homeostasis, respectively (Biser et al., 2000; Garcia and Strehler, 1999) . Thus, decreasing enzymic activity can lead to the selective suppression of sustained neuronal firings and excitatory synaptic transmission (Albrecht and Hilgier, 1994; Anner et al., 1992; Balestrino et al., 1999) .
We measured ATPase activities of the cerebellum and bromide content of guinea pigs treated with KBrO 3 and thioglycolate. Furthermore, the temporal bones and the cerebellum were harvested for histopathological study. These experimental data are required to help indicate whether these compounds should be banned from future application.
MATERIALS AND METHODS
Animals preparation and experimental design. Hartley-strain guinea pigs from an in-house breeding colony were housed at 23 Ϯ 2°C and 55 Ϯ 5% humidity and given a solid guinea pig diet (Lab Diet 5025, PMI Nutrition Int. Inc., Brentwood, MO) and tap water ad libitum. The study was conducted in accordance with the Guiding Principles in the use of Animals in Toxicology. Guinea pigs weighing 200 -250 g were subcutaneously injected on the occipital region with either 20 or 50 mg/kg KBrO 3 alone, 15 mg/kg thioglycolate alone, KBrO 3 and thioglycolate in combination dissolved in 0.2-0.25 mL (0.1 ml/100 g body wt) saline, or saline alone (control), once daily for 14 consecutive days. The rationale for selection of these dosages is based on the LD50 ϭ 200 -500 mg/kg of body wt for bromate intoxication reported in human beings (Matsumoto et al., 1980; Kutom et al., 1990) , and thus, one-tenth of this toxic dose was chosen for the guinea pigs for a 14-day period of exposure. A preliminary experiment of the effects of KBrO 3 on the function of the VOR system of guinea pigs was started with a chosen dosage of 20 mg/kg KBrO 3 . This dosage was effective but only produced a caloric hyperfunction. Therefore, a higher dose of 50 mg/kg KBrO 3 was tested, which markedly produced definite dysfunction of the VOR system, and both caloric hyperfunction and hypofunction occurred. The subsequent experiments pursuing the possible mechanism of this adverse effect were performed with the higher dosage of 50 mg/kg KBrO 3 .
Body weight, neurobehavioral effects (motor equilibrium performance and spontaneous locomotor activity), and the caloric test were examined after administration. After a 14-day period of administration, these animals were euthanized under deep anesthesia with 60 mg/kg pentobarbital 24 h after all testings, and whole blood and cerebellum were removed. The dissected cerebellum underwent either histopathological study or the enzymatic assay (Na ϩ / K ϩ -ATPase and Ca 2ϩ -ATPase).
Caloric test. In our laboratory, we have established the caloric test coupled with ENG recordings for assessing the function of the VOR system of guinea pigs (Young et al., 1991) . We have shown that this system is capable of monitoring the toxic effects of mercury sulfide (Chuu et al., 2001) . The caloric test was performed after 14 consecutive days of administration. During the caloric test, the guinea pig was restrained in a special holder, with its four legs free. A pair of clip electrodes (Young et al., 1991) was attached to the canthi of both temporal orbits, and a reference electrode was attached to the vertex at the midline. Anesthetic, hair shaving, and surgical invasion were not required for ENG recording. For the caloric test, 5 ml of ice water (0°C) was used to irrigate the external ear canal for 5 s, with the animal in a normal prone position. Recordings were made with a two-channel ENG recorder (NY-13 Rion Co, Tokyo, Japan).
The slow phase velocity (SPV) of caloric nystagmus was calculated from the conventional nystgmus curve, which was considered a reflection of sensitivity of the sense organ (Henriksson, 1956) . To analyze the caloric nystagmus curve, the calibration of eye movement in ENG recordings was set at 6 o /10 mm (Stevens et al., 1995) . The SPV of each derived caloric nystagmus was calculated by dividing the amplitude of the slow phase by the duration and recorded as o /s. The mean (ϮSD) SPV in controlled guinea pigs was 6.8 Ϯ 0.6°/ s. We define the function of those above 8 o /s (mean ϩ 2 SD) as hyperfunction, whereas those below 5.6 o /s (mean Ϫ 2 SD) are hypofunction. Once there was no response in caloric test, then the animal was resubjected to caloric test again after an intermission of 5 min to further confirm the absent caloric response.
Enzyme assays. Membrane ATPase activities were assayed (Liu et al., 1997; Rohn et al., 1993) Motor equilibrium performance test. The rota-rod treadmill (7700 accelerating model, Ugo Basile, Italy) consisted of a wooden horizontal rod (50-cm long and 5-cm in diameter) covered with sticking plaster, a thick cobblestonelike sheet of soft plaster to increase roughness. It was located 80 cm above landing platform covered with the eventual fall of the animals. The animal was placed on the middle of the rod with the body axis perpendicular to the rod's long axis. During the test, the retention time for which the animal stayed on the rod was measured. The trial was stopped when the animal fell off or after 180 s. Each time a guinea pig fell off, it was noted whether the fall had occurred when it sat still or when it walked. Three successive trials separated by a 3-min pause were performed. Eighteen guinea pigs were randomly divided into three groups: 50 mg/kg KBrO 3 alone, plus 15 mg/kg thioglycolate, or saline alone and subjected to the motor equilibrium performance test before and after 7 and 14 consecutive days administration.
Spontaneous locomotor activity. To test for animal habituation (novel conditions), the guinea pigs were placed in an open field before and 7 and 14 consecutive days after administration. A large white rectangular box was used (70-cm wide, 90-cm long, and 60-cm high) and a total of 63 squares (10 ϫ 10 cm 2 ) were drawn with black lines on the white floor of the field. This box was localized in dark cabinets in a quiet room. The presence of six events was quantified by an automated video-image system: squares crossed, rearings, and grooming bouts, which included washing of the forelegs and head; cleaning of the hindlegs, body trunk, tail, or genitala; shaking of the whole body; and/or scratching (Page and Terry, 1997) . The motor activity of the guinea pig is measured as the total motor activity (counts) of squares crossed, rearings, and grooming bouts during a period of 60 min.
Determination of bromide content in the blood. Blood samples (500 l) were drawn when the animals were euthanized under deep anesthesia after a 14-day period of administration and were placed in a 15-ml tube; 3 ml of a 3:1 mixture of concentrated nitric acid:70% perchloric acid was added along with 50 mg of vanadium pentoxide. The tubes were capped and allowed to stand overnight at room temperature. Following predigestion, the capped vials were heated in an oven for 4 h at 68 Ϯ 0.5°C and then were uncapped and heated continuously for 3 h. After cooling, 5 drops of 30% hydrogen peroxide was added and the tubes were again capped and allowed to stand overnight to complete the digestion. Suitable dilutions (1:20) were made from the digested material (% acid Ͻ 5%) and detected for bromide by means of inductively coupled plasmaphoresis-mass spectrometry.
Histopathological study. Following deep anesthesia with a 60 mg/kg ip injection of sodium pentobarbital, the thoracic cavity was opened and the guinea pig was perfused through the left ventricle with saline solution followed by 10% neutral buffered formalin. After complete fixation, the animal was decapitated and the cerebellum as well as temporal bones was harvested and placed in formalin solution. The temporal bone was decalcified by trichloroacetic acid, neutralized by Na 2 SO 4 , dehydrated by a series of alcohol solutions, and finally embedded in celloidin, serially sectioned at 20 m and stained with hematoxylin and eosin. The cerebellum was embedded in paraffin, coronally sectioned at 6 m, and stained with hemotoxylin and eosin.
Clinical investigation. From May 1996 to April 2000, 6002 patients with inner ear symptoms such as dizziness, hearing loss, or tinnitus were encountered at the clinic of the Department of Otolaryngology, National Taiwan University Hospital. All patients received a battery of tests, consisting of questionnaire (including occupation), hearing test, caloric test, and eye movement test, such as recordings of the spontaneous nystagmus, eye tracking (ET) test and optokinetic nystagmus (OKN) test using an ENG recorder (1B21 Sanei Co., Tokyo, Japan).
The hearing threshold was evaluated from a frequency of 250 to 8000 Hz by a pure-tone audiometer (Rion 67, Japan). The ET test was performed in a seated subject with the head mechanically fixed who was asked to follow a moving target at a distance of 100 cm moving in a clockwise circle with a radius of 25.5 cm at a constant rate of 120 o /s (Nagashima OK-5, Japan). The horizontal component of the eye movement was represented in a sinusoidal curve of 0.33 Hz with a maximum displacement of 20 o from the center. The OKN test was triggered by a horizontal optokinetic stimulation with an angular velocity from 0 to 140 o /s at an angular acceleration of ϩ4 o /s 2 , and then from 140 to 0 o /s at an angular deceleration of Ϫ4 o /s 2 , by using a revised Jung-type Ohm-drum (Nagashima OK-5) for stimulation.
All patients were subjected to all tests without exception, which was approved by the hospital committee, and written consent was obtained from all patients in advance. Among them, 10 (0.17%) patients were hairdressers, who had neither systemic disease such as hypertension, diabetes mellitus, or coronary artery disease nor previous ear infection. Another age-matched 20 women were selected from those receiving a general physical checkup in our hospital. Their ages ranged from 35 to 62 years; they were without previous inner ear symptoms, were subjected to caloric test with ENG recordings, and served as the control group.
Statistical analysis. Analysis of variance followed by Dunnett's t tests was used to evaluate the significance between the test and control groups. The caloric results of each group were analyzed by 2 tests. A p value less than 0.05 was considered to be significant.
RESULTS

Effects of KBrO 3 and/or Thioglycolate on General Health Status of Guinea Pigs
All guinea pigs revealed good health status during administration of (either 20 or 50 mg/kg KBrO 3 alone, 15 mg/kg thioglycolate alone, or saline alone (control), but those with 50 mg/kg KBrO 3 plus thioglycolate appeared less active after administration for 14 consecutive days. The mean body weight in each group increased after 14 days administration: 232 Ϯ 25 up to 322 Ϯ 32 g for the control group, 218 Ϯ 11 to 300 Ϯ 7 g for the KBrO 3 group, 243 Ϯ 46 to 269 Ϯ 21 g for the thioglycolate group, and 231 Ϯ 44 to 302 Ϯ 55 g for the KBrO 3 combined with thioglycolate group, respectively.
Effects of KBrO 3 and/or Thioglycolate on Caloric Response
KBrO 3 (50 mg/kg) alone produced a significant caloric hyperfunction (92% occurrence) (Table 1 and Fig. 1B ) and, in combination with thioglycolate, seriously induced a higher percentage of caloric dysfunction (100% occurrence, including 33% hyperfunction and 67% hypofunction) (Table 1 and Fig.  1C ). Even at a dosage of 20 mg/kg KBrO 3 alone, caloric hyperfunction also had 33% occurrence and, when in combination with thioglycolate, abnormal caloric responses reached up to 100% occurrence, including 50% hyperfunction and 50% Analysis of the SPV of caloric nystagmus demonstrated no significant difference between the saline and 20 mg/kg KBrO 3 groups. However, significant differences occured between the saline group and the 50 mg/kg KBrO 3 group or the thioglycolate combined with 20 or 50 mg/kg KBrO 3 groups. Thus, abnormal caloric response definitely relates to the dosage of KBrO 3 , and thioglycolate enhances the neurotoxic effect of KBrO 3 on caloric response.
Enzyme Assays
Alteration in the Na ϩ /K ϩ -ATPase activity would lead to a selective suppression of sustained neuronal firing and excitatory synaptic transmission. Thus, we considered that the membrane ATPase activities of the cerebellum of the guinea pigs would modulate the caloric response. When 50 mg/kg KBrO 3 combined with 15 mg/kg thioglycolate was injected subcutaneously for 14 consecutive days, both Na ϩ /K ϩ -ATPase and Ca 2ϩ -ATPase activities of the cerebellum were significantly decreased compared to those of the control group. With regard to the 20 mg/kg KBrO 3 plus thioglycolate group, only an inhibition in Ca 2ϩ -ATPase activity was found. In the 20 or 50 mg/kg KBrO 3 alone or the 15 mg/kg thioglycolate alone groups, the activity of both Na ϩ /K ϩ -ATPase and Ca 2ϩ -ATPase in the cerebellum of guinea pigs remained unchanged compared to the saline group (Fig. 2) .
Effect of KBrO 3 and/or Thioglycolate on Motor Equilibrium Performance
As shown on Fig. 3A , guinea pigs of the control group were capable of maintaining balance on the unrotated rod for at least 180 s (maximum score); while the animal treated with 50 mg/kg KBrO 3 plus 15 mg/kg thioglycolate for 7 consecutive days stayed only about 114 Ϯ 18 s for equilibrium retention time. Following consecutive administration for 14 days, neither the KBrO 3 group (115 Ϯ 14 s) nor the KBrO 3 plus thioglycolate group (68 Ϯ 7 s) maintained its equilibrium on the rod lasting for more than 100 s, with a significant difference compared to the pretreatment group (Fig. 3A) . For the interaction between time and KBrO 3 treatment, a significant difference existed between 7 and 14 days of administration (F ϭ 34.2305); whereas in the KBrO 3 plus thioglycolate group, significant differences between pretreatment and 7 or 14 days of administration (F ϭ 123.4447 or 48.3473, respectively) were found. 
Effect of KBrO 3 and/or Thioglycolate on Spontaneous Locomotor Activity
The spontaneous locomotion for the controlled guinea pigs was 968 Ϯ 41 counts during a 60-min period, while administration of KBrO 3 plus thioglycolate for 7 consecutive days produced significant hypoactivity (605 Ϯ 29 counts). Compared to 14 days administration, both the KBrO 3 (620 Ϯ 36 counts, F ϭ 129.8265) and the KBrO 3 plus thioglycolate (432 Ϯ 20 counts, F ϭ 121.6482) groups induced marked hypoactivity, with a significant difference compared to the pretreatment basal counts or 7 days of administration (Fig. 3B) .
Determination of Bromide Content in the Blood of Guinea Pigs
Following daily subcutaneous injection for 14 consecutive days, the results showed that bromide was present in higher concentrations in the blood of guinea pigs treated with KBrO 3 (76.4 Ϯ 4.0 g/ml) or KBrO 3 plus thioglycolate (80.4 Ϯ 4.6 g/ml), compared to the control group (24.0 Ϯ 2.2 g/ml).
Histopathological Findings
Morphological examination of the temporal bones of guinea pigs treated with KBrO 3 alone, thioglycolate alone, or in combination revealed no remarkable alteration in the vestibular labyrinth as determined by light microscopy. Thus, the cerebellum was dissected and examined microscopically. In the control group (n ϭ 6) or thioglycolate group (n ϭ 2), the large flask-shaped Purkinje cells of the cerebellum were arranged side by side in a single row between the outer molecular layer and the inner granular layer (Figs. 4A and 4D) . In guinea pigs treated with 50 mg/kg KBrO 3 alone (n ϭ 4), loss of Purkinje cells was observed (Fig. 4B) . Moreover, in the 50 mg/kg KBrO 3 plus 15 mg/kg thioglycolate group (n ϭ 4), diffuse loss of Purkinje cells as well as derangement of the granule cell layer was detected (Fig. 4C) . Thus, the KBrO 3 plus thioglycolate group induces loss of Purkinje cells greater than KBrO 3 alone. This correlates to the higher occurrence of caloric hypofunction in the KBrO 3 plus thioglycolate group (67%) than the KBrO 3 alone group (8%) ( Table 1) .
Clinical Investigation
All 10 patients were female hairdressers, with ages ranging from 35 to 62 years (mean 48 years). Among them, 4 had worked for more than 30 years, 4 had worked more than 20 years, and 2 had worked more than 10 years, respectively. In 
FIG. 2.
Detection of the ATPase activities in the cerebellum of guinea pigs. After treatment with 20 mg/kg KBrO 3 alone (n ϭ 3), 50 mg/kg KBrO 3 alone (n ϭ 2), 15 mg/kg thioglycolate alone (n ϭ 3), 20 mg/kg KBrO 3 plus thioglycolate (n ϭ 3), or 50 mg/kg KBrO 3 plus thioglycolate (n ϭ 2) for 14 consecutive days, the two distinct Na ϩ /K ϩ -ATPase and Ca 2ϩ -ATPase activities in the tissues of guinea pigs were assayed 24 h after the last administration. Data are presented as means Ϯ SE. *p Ͻ 0.05 compared with the respective control (n ϭ 2).
tracing their profession for permanent hair styling, it was found that the cold wave setting solutions they used were usually composed of a thioglycolate waving solution and a neutralizing solution containing 2-4% potassium bromate, with the frequency of utility from daily to 10 times per month.
As shown on Table 2 , all 10 patients had vague dizziness and half of them had experienced rotational vertigo attacks. In two patients this was accompanied by nausea and vomiting, and three had headache. Five patients complained of tinnitus.
Seven patients (70%) had sensorineural hearing loss after pure tone audiometry, and the rest had normal hearing. Examination of eye movement using the eye tracking and optokinetic nystagmus tests revealed abnormalities in 30 and 20% of the patients, respectively.
The caloric test was performed using 20°C, 20-ml tap water irrigating the external ear canal for 20 s with ENG recordings. The mean average SPV in control humans is 31 Ϯ 7 o /s. We defined SPV values above 45 o /s as hyperfunction and those below 17 o /s as hypofunction. Thus, the results revealed that 11 ears (55%) had a hyperactive response and 15% had a weak response, whereas the remaining 30% had a normal response ( Table 2 ; Fig. 5B) , which was significantly different ( 2 ϭ 18.26) from the age-and sex-matched normal control group (100% normal occurrence) (Fig. 5A) .
Among the clinical symptoms and physiological tests in these 10 hairdressers, we estimated that hearing loss was represented in 70% of the patients, vertigo in 50%, and tinnitus in 50%, whereas the caloric test was abnormal in 70% (including hyperfunction and hypofunction).
DISCUSSION
In this study, we attempted to investigate the adverse effects of KBrO 3 and thioglycolate on the VOR system via the caloric test coupled with electronystagmographic recordings in the guinea pigs. The SPV of caloric nystagmus is used for expression of the excitatory effect on the sensory epithelium of the vestibular apparatus (Henriksson, 1956 ). Compared to the control mean SPV (6.8 Ϯ 0.6 o /s, mean Ϯ SD) of guinea pigs, caloric hyperfunction is defined as above 8 o /s (mean ϩ 2SD), and the caloric hypofunction as below 5.6 o /s (mean Ϫ 2 SD). Thus, a higher SPV reflects greater stimulation and vice versa. Fernandez and Fredrickson (1964) showed that damage to the nodulus of cerebellum with varying involvement of the vestibular nuclei in brainstem is associated with a hyperactive vestibular response. Since the higher inhibitory center of the VOR system is located at the cerebellar cortex, caloric hyperfunction reflects a disinhibition of the cerebellum associated with its connection with the vestibular nuclei. These findings are in agreement with the clinical experience in patients with cerebellar or brain stem lesions in the posterior cranial fossa (Torok, 1970) .
Clinically, it is sometimes difficult to distinguish lesions between the cerebellum and the brain stem, since they are closely related anatomically. In general, the cerebellar lesion combined with less involvement of the vestibular nuclei may result in caloric hyperfunction, whereas lesions in the vestibular nuclei accompanied with cerebellar involvement exhibit caloric hypofunction (Fernandez and Fredrickson, 1964; Young and Nomura, 1995) . Thus, the signaling pathway of caloric response depends on the degree of involvement of the vestibular labyrinth, vestibular nuclei, and cerebellum. The detrimental effects of KBrO 3 and thioglycolate on this VOR system may be from the sensitive higher center at the cerebel- lum and progressively descend along this signaling pathway, resulting in the apparent caloric hyperfunction in some individuals and caloric hypofunction in others, in both guinea pigs and humans.
Since there is no remarkable change in the vestibular labyrinth of guinea pigs treated with KBrO 3 and/or thioglycolate under light microscopy, we considered that abnormal caloric responses may derive from lesions of the cerebellum. For the cerebellum is the modulator of motor activities and integrated with the vestibular system for the maintenance of equilibrium and locomotor activity. Thus, we investigated motor equilibrium performance, spontaneous locomotor activity, Na ϩ /K ϩ -ATPase activity, and histopathological changes of the cerebellum in guinea pigs treated with KBrO 3 and/or thioglycolate. The decrease of the retention time on the equilibrium unrotated rod and impairment of spontaneous locomotion of guinea pigs were observed after 14 consecutive days administration of 50 mg/kg KBrO 3 in combination with 15 mg/kg thioglycolate. These results indicated that KBrO 3 poisoning exhibited an intimate relationship between the equilibrium disorder and VOR dysfunction, which may be, at least in part, due to the adverse effect on the cerebellum.
The neuronal membrane Na ϩ /K ϩ -ATPase is critical for maintaining the asymmetrical distribution of Na ϩ and K ϩ across the membrane, which results in the membrane polarization and modulates the transmitter release at the nerve terminals. Thus, a decrease in neuronal Na ϩ /K ϩ -ATPase causes a reduction of nerve conduction velocity and alteration of transmitter release (Biser et al., 2000) . Membrane Ca 2ϩ -ATPase is important for regulating the cellular Ca 2ϩ homeostasis; inhibition of this enzymic activity may also disturb synaptic transmission (Garcia and Strehler, 1999) . Our data showed that 50 mg/kg KBrO 3 combined with 15 mg/kg thioglycolate significantly inhibited Na ϩ /K ϩ -ATPase and Ca 2ϩ -ATPase activities of cerebellum. KBrO 3 (50 mg/Kg) alone did not significantly inhibit the Na ϩ /K ϩ -ATPase and Ca 2ϩ -ATPase activities of cerebellum but was significantly enhanced by thioglycolate. This finding is in correlation with its potentiation on the abnormal caloric response induced by KBrO 3 , suggesting that the inhibition of these two enzymic activities plays a role, at least in part, in enhancing vestibular dysfunction caused by thioglycolate. We studied the changes of bromide content of blood, which revealed 50 mg/kg KBrO 3 alone or 50 mg/kg KBrO 3 combined with thioglycolate significantly produced bromide accumulation, indicating that KBrO 3 was present at these dosage levels and may directly contribute to the toxic effects observed. Further study on the cause-effect relationship between inhibition of ATPase and vestibular dysfunction is required to exclude the possible secondary consequence of the tissue damage.
The cerebellar cortex consists of three layers of neurons, that is, the outer molecular layer, the middle Purkinje cell layer, and the innermost granular layer. The cerebellar nuclei receive mainly the axons from ipsilateral Purkinje cells. The histopathological studies of animals treated with KBrO 3 or KBrO 3 plus thioglycolate revealed that cerebellar Purkinje cells were lost and granular cells were deranged. Since flocullar Purkinje cells inhibit VOR relay cells (Ito et al., 1970; Fukuda et al., 1972; Snyder, 1999; Doya, 2000) and nodulouvular Purkinje cells inhibit vestibular nuclear cells projecting to the cerebellar cortex (Precht et al., 1976) , degeneration of Purkinje cells may cause central disinhibition of the VOR system or abolish VOR adaptation (Robinson, 1976) , resulting in abnormal caloric response.
Although thioglycolate alone did not induce abnormal caloric responses, when in combination with KBrO 3 , it enhanced abnormal caloric responses. This finding is correlated to the histopathological results. In guinea pigs treated with thioglycolate alone, the Purkinje cells are intact between the molecular layer and the granular cell layer; whereas, in those treated with KBrO 3 and thioglycolate, loss of Purkinje cells as well as derangement of the granule cell layer was detected. Therefore, thioglycolate significantly enhances the neurotoxic effect of KBrO 3 on the VOR system, probably mediated by damaging the Purkinje cells of the cerebellum. Clinically, we also assessed the adverse effects of hair curling solution containing KBrO 3 and thioglycolate on hairdressers who were frequently exposed to this solution for 10 -30 years. Out of a pool of over 6000 patients with inner ear symptoms during the past 5 years, 10 patients were selected by occupation due to prior exposure to KBrO 3 . It is worthwhile to note that the dysfunction (70% abnormality) of caloric response found in the hairdresser patients corresponding to 70% occurrence of inner ear symptoms such as hearing loss was similar to that revealed in our animal model. However, the possibility that vestibular dysfunction in hairdressers may be due to factors other than KBrO 3 exposure must be considered. The aging effect on the caloric test leads to the significantly decreased SPV, rather than increased SPV (caloric hyperfunction) (Mulch and Petermann, 1979) . Since bilateral caloric hyperfunction is caused by either cerebellar disinhibition or psychosomatic disorder (Young and Nomura, 1995) , neurotoxicity to the Purkinje cells of the cerebellum could be due to exposure to alcohol (Seilicovich et al., 1985) , metals (Chuu et al., 2001) , chemicals (Odkvist et al. 1983) , or drugs (Young and Huang, 2001) . Our 10 hairdresser patients reported here all denied of abuse of alcohol, cigarettes, or drugs. Besides, neither systemic disease nor previous ear infection was experienced before, thus exposure to KBrO 3 and thioglycolate in the hair curling solution was inferred to be the causal agent in the development of caloric hyperfunction. As to the causes of hearing loss, it could be more complicated, due to a primary effect of the compounds, a consequence of aging effect, or noise exposure in the beauty salon. Thus, a caloric test appears to be an alternative to a hearing test for monitoring the consequence of hazardous exposure of hair curling solution and other chemicals in humans. All of these findings indicate that KBrO 3 , especially in combination with thioglycolate, is hazardous to humans as well as to animals.
In conclusion, we have established a detection system using the caloric test for monitoring the toxic effect of KBrO 3 either alone or in combination with thioglycolate. The possible mechanisms of the adverse effect of these compounds are identified, at least in part, to be due to the dysfunction of the cerebellum. Our clinical investigation showed that hairdressers exposed to hair curling solution containing KBrO 3 and thioglycolate had a similar vestibular dysfunction as our animal model, suggesting that clinicians should be alert to the risk of bromate exposure in hairdressers. For those with vertigo, tinnitus, or hearing loss, the use of hair neutralizers should be discontinued in their daily life.
